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Introduction 3 9
The development of carbon-neutral biomass conversion processes has attracted interest in recent years, 4 0
promising an alternative platform for the production of fuels and chemicals that could reduce the global Miseq Reagent Kit v2 500 cycles (~ 250 bp) using Truseq library kit (Illumina) according to the 1 0 3
manufacturer's instructions. The information obtained by sequencing is shown in Table S1 . The Paired-end sequences were joined together with > 30 bp overlapping sequences containing < 10% 1 0 9 mismatches and then converted from fastq to the fasta format with a Q-score cutoff of > 30 using compound database [16] . The identified sequences were compared to the NCBI nr database in December 2015 by BLASTX for more precise assignment (E value of < 10 -5 , alignment length of >30 aa). Approximately, half of the cellulose, hemicellulose, and lignin in waste paper reactions were 1 2 1 decomposed after 60 h of pretreatment using rumen fluid (Table 1) . The decomposition increased dCOD continuously increased during pretreatment until 120 h. These results indicated that microbes were 1 2 5 actively decomposing the waste paper at the 60 h time point. Alteration of microbial community, diversity, and richness in the pretreatment system 1 2 8
The microbial communities residing in the rumen fluid changed during the incubation period ( Figure 2 ).
2 9
At the phylum level, Firmicutes were increased from 53.4 and 65.5 % before information to 66.5 and and richness decreasing (Table 3) . Microbial diversity (Shannon index) was decreased to about 0.9 times 1 3 7
while, microbial richness (OTU number and Chao1) more than 0.5 times decreased after pretreatment. The functional binning of shotgun metagenomics (based on KEGG orthology) indicated that and cellular processes (4.5 %).
4 5
We analyzed three genes encoding the proteins involved in cellulase and hemicellulase activities as Butyrivibrio, Ruminococcus, Clostridium, and Exiguobacterium (Figure 3 ). Interestingly, the relative both increased after pretreatment ( Figure 4 ). In this study, we conducted metagenomic analysis to reveal the microbes involved in lignocellulose 1 5 9 decomposition in the pretreatment system by cow rumen fluid. Culture-independent methods using a 1 6 0 next-generation sequencer have been applied to study bacteria involved in plant cell wall degradation in 1 6 1 situ cow rumen [3, 5, 11, 35] . In this study, we showed that Ruminococcus and Clostridium, they are to be independent of substrate types. Microbial diversity and richness were decreased along with 1 6 6 1 2 increasing of Clostridial abundance. Clostridia are gram-positive, anaerobic bacteria found in rumen that 1 6 7 are capable of degrading plant cell walls [24, 37] . They are also known to be fibrolytic and several bacteria in the rumen [5, 10, 28, 36] . They also display degradation properties against of filter paper. In 1 7 0 addition to total organism abundance, the cellulase and hemicellulase genes from Clostridium also 1 7 1 increased after pretreatment. C. thermocellum and C. aldrichii can associated to the plant cell wall and
have a cellulosome, which is a multienzyme complex specialized for cellulose degradation [18] . After the 1 7 3 pretreatment, the beta-glucosidase genes affiliated with Exiguobacterium also increased. Exiguobacterium has been detected with molecular biological methods but has not been isolated from fibrisolvents is also recognized as the main hemicellulolytic bacteria in the rumen [20] . Moreover, P. abundance of Butyrivibrio was increased after pretreatement, but functional genes-based cellulolytic 1 9 9
Butyrivibrio was decreased. We were suggested that Butyrivibrio is not involved in cellulose or 2 0 0 hemicellulose degradation, because B. hungatei or unknown Butyrivibrio spp. were increased.
2 0 1
In conclusion, we showed Ruminococus are primary members involved in plant cell wall decomposition, Prevotella and Butyrivibirio, were also decreased. These results suggested the rumen pretreatment system 2 0 6 environment was different to from the in situ rumen environment, and unique microbes were contributed 2 0 7 degradation of lignocellulosic biomass. Future research will develop an effective decomposition system 2 0 8 making use of Ruminococcus, Clostridium, and Exiguobacterium. Energies for Tohoku Recovery (NET) project. This work was supported by the Next-generation Energies for Tohoku Recovery (NET) project. The authors declare that they have no conflict of interest. Committee of Tohoku University, and finally approved by the President of University. during the incubation period. 
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